Bile acid binding potential of foods and food fractions has been related to lowering the risk of heart disease and that of cancer. Steam cooking has been observed to significantly improve bile acid binding of green/leafy vegetables. It was hypothesized that other cooking methods could further improve the bile acid binding of various vegetables. Sautée cooking resulted in vitro bile acid binding measured on a dry matter basis relative to cholestyramine of 14% for mustard greens and kale, 9% for broccoli and collard greens, and 6% for cabbage, and 5% for green bell pepper. These results point to the significantly different (P ≤ 0.05) health promoting potential of mustard greens = kale > broccoli = collard greens > cabbage > green bell pepper. Sautéing significantly improved in vitro bile acid binding of mustard greens, kale, broccoli, cabbage and green bell pepper compared with steaming, boiling or raw (uncooked). Collard greens exhibited significantly higher bile acid binding by steaming compared with sautéing, boiling or raw. Data suggest that the cooking method with most heath promoting potential for mustard greens, kale, broccoli, cabbage and green bell pepper should be sautéing. Steaming should be used for collard greens as the cooking method. These green/leafy vegetables, when consumed regularly after sautéing, would promote a healthy lifestyle and have the potential to lower the risk of premature degenerative diseases.
Introduction
Along with consuming lower calories from saturated fat and animal products, vegetarians and those consuming vegetables as a major portion of their daily diet are at a lower risk of coronary heart disease and cancer [1, 2] . Vegetables are a good source of dietary fiber, antioxidants, phytonutrients, provitamins, polyphenols and minerals. The USDA Food and Nutrition Information Center, Food Guide Plate (http://www.choosemyplate.gov/) recommends that 50% of daily calories should come from vegetables and fruits. In order to maintain desirable body weight, one needs to consume dark leafy colorful vegetables and low fat food products along with keeping an active lifestyle [3] . Some of the vegetables listed by the USDA food guide include mustard greens, kale, broccoli, cabbage, collard greens and bell pepper. Isothiocyanates of the cruciferous vegetables in the brassica family have been shown to protect against various types of cancers [4] [5] [6] [7] . Sulforaphane, indole-3-carbinol, glucaric acid and other isothiocyanates are antioxidants and potent stimulators of natural detoxifying enzymes in the body. These compounds are believed to be responsible for the lowered risk of atherosclerosis and cancer [8, 9] . Toxic metabolites in the gut and secondary bile acids increase the risk of colorectal cancer [10] . Atherosclerosis and cancer are two leading causes of death and disability in the developed world and are increasing rapidly in the developing world [11] . These are major human nutrition problems and are preventable with diet and a physically active lifestyle. The healthful, cholesterol-lowering (atherosclerosis amelioration) or detoxification of harmful metabolites (cancer prevention) potential of food fractions could be predicted by evaluating their in vitro bile acid binding, based on positive correlations found between in vitro and in vivo studies showing that cholestyramine (a bile acid binding, cholesterol lowering drug) binds bile acids and cellulose does not [12] [13] [14] [15] . Bile acids are acidic steroids synthesized in the liver from cholesterol. After conjugation with glycine or taurine, they are secreted into the duodenum. Bile acids are actively reabsorbed by the terminal ileum and undergo an enterohepatic circulation [16] . Binding of bile acids and increasing their fecal excretion has been hypothesized as a possible mechanism by which food fractions lower cholesterol [17] [18] [19] . Bile acids are needed for the absorption of dietary fat from the GI tract. Dietary fat is a precursor of cholesterol synthesis in the body. By binding bile acids, food fractions prevent their reabsorption and stimulate plasma and liver cholesterol conversion to additional bile acids [20] [21] [22] [23] . The US Food and Drug Administration and UK-Joint Health Claim Initiative have allowed label health claims on food products containing oats for their blood cholesterol lowering potential [24, 25] . Excretion of toxic metabolites and secondary bile acids could lower the risk of cancer [10] . Bile acid binding of grain fractions, ready to eat cereals, various dry beans has been observed to be proportional to their dry matter content [26] [27] [28] [29] . Steam cooking collard greens, kale, mustard greens, broccoli, green bell pepper and cabbage significantly improved in vitro bile acid binding compared with the values obtained for these vegetables in uncooked form [30, 31] .
The hypothesis of this study was to evaluate relative enhanced bile acid binding of mustard greens (Brassica juncea), kale (Brassica oleracea acephala), collard greens (Brassica oleracea acephala), broccoli (Brassica oleracea italica), cabbage (Brassica oleracea capitala), and green bell pepper (Capsicum annuum) by sautéing, steaming or boiling as determined by their bile acid binding on equal dry matter basis, with a bile acid mixture under human duodenal physiological pH of 6.3.
Materials and Methods
Fresh vegetables were purchased from a local grocery super market early in the morning at 6:30 a.m. as being displayed out of the delivery boxes. All the vegetables were purchased at the same time. The vegetables were washed, trimmed and sliced or chopped. Mustard greens, kale and collard greens were cut crosswise into 0.75 -1.0 inch pieces; broccoli into 1.0 -2.0 inch florets; cabbage into 1.0 -1.5 inch pieces; and green bell pepper into 0.5 inch. Composition of the vegetables tested is given in Table 1 . 500 g of fresh vegetable samples were boiled (10 to 14 min) in an 8 quart stainless steel pot with sufficient water to cover the vegetables, stream cooked (10 to 20 min.) in the same pot with a steam inset, or sautéed (fried lightly in small amount of unsalted butter, 28.3 g; while turning over frequently) in a 14 inch flat bottom wok (Hot Point Model No. R B526 H3WW, General Electric Co Louisville, KY) setting 5 on a scale of 11 (LO, 1 -9, HI) for 15 -20 min to the tenderness as ready to be eaten. Cooking time was determined based on the evaluation consensus of the laboratory personnel. Unsalted butter was chosen as the common fat source used in sautéeing in most home kitchens. All the cooked vegetables were dried to a constant weight at 68˚C for 48 hr in a steam heated forced air food dryer (Proctor 062, Proctor & Schwartz, Inc, Horsham, PA, USA). Dry samples were ground in a Braun coffee grinder (Gillette Commercial, Boston, MA) to pass a 0.4 mm screen. Dry matter in sautéed samples was corrected after removing excess fat by hexane. Total dietary fiber (TDF) of the test samples was determined by AOAC method 985.29 [32] .
Samples were analyzed for nitrogen by method 990.03 [33] , with a Virio Macro Elemental Analyser (Elementar Analysen systeme GmbH, Hanau, Germany), crude fat with petroleum ether by accelerated solvent extractor (ASE 350 Dionex Corp., Bannockburn, IL), ash by method 942.05 [33] , and moisture by method 935.29 [33] . Nitrogen to protein conversion factor used for all the vegetables was 6.25. Cholestyramine, a bile acid binding anionic resin (a drug that lowers cholesterol and binding bile acids), was the positive control treatment, cellulose (a non bile acid binding fiber) was the negative control. Both were obtained from Sigma (St. Louis, MO).
In Vitro Bile Acid Binding Procedure
In vitro bile acid binding procedure was a modification of that by Camire et al. [34] , as previously reported [26] . The stock bile acid mixture was formulated, with glycocholic bile acids providing 75% and taurine-conjugated bile acids 25% of the bile acids, based on the composition of the human bile [35, 36] . This mixture contained glycocholic acid (9 mmol/l), glycochenocholic acid (9 mmol/l), glycodeoxycholic acid (9 mmol/l), taurocholic acid (3 mmol/l), taurochenocholic acid (3 mmol/l) and taurodeoxycholic acid (3 mmol/l) in pH 6.3, 0.1 M phosphate buffer. This stock solution of 36 mmol/l was stored at −20˚C and diluted to the working solution just prior to each assay (0.72 μmol/mL) for vegetable and cellulose samples; (2.88 μmol/mL) for cholestyramine based upon the binding capacity of 100 mg dry matter. Eight replicate incubations, consisting of six substrates with bile acid mixture, one substrate blank without bile acid mixture and one bile acid mixture without the substrate, were run for each of the six vegetables and two control treat-ments. Each treatment replicate was weighed into 16 × 150 mm glass, screw-capped tube. Samples were digested in 1 mL 0.01 N HCl for one hour in a 37˚C shaker bath. After this acidic incubation which simulated gastric digestion, the sample pH was adjusted to 6.3 with 0.1 mL of 0.1 N NaOH. To each test sample was added 4 mL of bile acid mixture working solution. A phosphate buffer (4 mL, 0.1 M, pH 6.3) was added to the individual substrate blanks. After the addition of 5 mL of porcine pancreatin (5×, 10 mg/mL, in a 0.1 M phosphate buffer, pH 6.3, providing amylase, protease and lipase for digestion of samples), tubes were incubated for one hour in a 37˚C shaker bath. Mixtures were transferred to 10 mL centrifuge tubes (Oak Ridge 3118 -0010, Nalgene, Rochester, NY) and centrifuged at 99,000 g in a 75-Ti rotor at 39 K rpm for 18 min at 25˚C in an ultracentrifuge (model L-60, Beckman, Palo Alto, CA). Supernatant was removed into a second set of labeled tubes. An additional 5 mL of phosphate buffer was used to rinse out the incubation tube and added to the centrifuge tube, which was vortexed and centrifuged as before. Supernatant was removed and combined with the previous supernatant. Aliquots of pooled supernatant were frozen at −20˚C for bile acids analysis. Bile acids were analyzed by the Trinity Biotech bile acids procedure No. 450-A (Trinity Biotech Distribution, St. Louis, MO) using a Ciba-Corning Express Plus analyzer (Polestar Labs, Inc., Escondido, CA). Each sample was analyzed in triplicate. Values were determined from a standard curve obtained by analyzing Trinity Biotech bile acid calibrators (No. 450-11) at 5, 25, 50, 100 and 200 μmol/L. Individual blank substrates were subtracted, and bile acid concentrations were corrected based on the mean recoveries of bile acid mixture (positive blank).
Statistical Analysis
Data are presented as means ± SEM. Before accepting analysis of variance results, Lavene's test was used to check for homogeneity of variances among treatments. Since variances were considered homogenous from test results, analysis of variance was used to test for significant differences among treatments. Dunnett's one-tailed test was computed with treatments compared to cholestyramine as a positive control and compared to cellulose as a negative control. For comparing non-control treatments to each other, Tukey's test for comparison of all possible pairs of means was used. SAS Proc GLM was used for all statistical analysis and testing [37, 38] . A value of (P ≤ 0.05) was considered the criterion of significance.
Results
The composition, dietary fiber (total, soluble and insoluble), percent dry matter, cooking time for boiled, steamed and sautéed mustard greens, kale, collard greens, broccoli, cabbage, and green bell pepper is given in Table 1 . Cooking time ranged from 10 -20 min for the various vegetables tested. The dry matter content was highest for steam cooked kale (11%), and lowest for mustard greens (5%). Both cellulose and cholestyramine were considered as 100% total dietary fiber [15] .
On an equal dry matter (DM)
The mean binding value of cellulose (negative control) was deducted from all treatments and the positive control values. Assigning a bile acid binding value of 100% to cholestyramine, the relative bile acid binding values on a dry matter basis for the test samples when sautéed were 14% for mustard greens and kale; 9% for broccoli and collard greens, 6% for cabbage and 5% for green bell pepper ( Table 3) . The relative health promoting potential based on bile acid binding on a dry matter basis was mustard greens = kale > collard greens = broccoli > cabbage > green bell pepper. Only steamed collard greens had significantly higher (9%) bile acid binding compared to values for this vegetable in raw, boiled or sautéed form.
For vegetables cooked by various methods calculated as eaten, the highest bile acid binding value was observed for sautéed kale (169 µmol/100 g cooked as eaten) and the lowest value was for steamed or raw green bell pepper (15 µmol/100 g as eaten) ( Table 4 ). The relative healthful potential was sautéed kale > steamed collard greens > steamed or sautéed broccoli = sautéed mustard greens > sautéed cabbage > sautéed green bell pepper. Table 5 presents calculated bile acid binding relative to cholestyramine for 100 g cooked vegetables as is based using 13.86% of cholestyramine (Table 3) for 169.41 umol/100 g as is ( Table 4) for sautéed kale. Highest bile acid binding values were for sautéed kale and lowest for green bell pepper and cabbage. loss in mineral content compared with raw vegetables, and steam cooking resulted in 0% -14% mineral loss ( Table 1) ; similar observations have been previously reported [39] . Various cooking methods resulted in an increase in soluble dietary fiber (SDF) in kale (80%), collard greens (58%), broccoli (22%) and cabbage (217%), whereas it was unchanged in green bell pepper and decreased in mustard greens (−46%). The data suggest that IDF was converted to SDF by cooking kale, collard greens, broccoli and cabbage. Similar increases in SDF and reductions in IDF by cooking vegetables have been previously reported [40] . Pooling data for cooking methods showed no significant effect on minerals or soluble dietary fiber levels among the cooking methods tested. Consistent with previous reports [31] , steam cooking resulted in significantly higher bile acid binding compared with that of raw mustard greens, kale, collard reens, broccoli and cabbage. On a dry matter basis relag tive to cholestyramine the observed bile acid binding values for steam cooked vegetables (12% for kale, 11% for mustard greens, 9% for collard greens, 7% for broccoli and 4% for cabbage) are very similar to those reported previously [31] . Data suggest that the healthful potential of these vegetables is very consistent and/or the bile acid binding assay is quite reliable. The most healthful potential observed herein was for sautéed mustard greens = sautéed kale > steamed collard greens = sautéed broccoli > sautéed cabbage > sautéed green bell pepper. Fat used in sauteing would not affect the bile acid binding as it has been previously observed that bile acid binding is not related to the fat content [15] . The bile acid binding of various grain fractions, readyto-eat cereals and beans has been related to their dry matter content [23] [24] [25] [26] A relative bile acid binding value of 5% -9% on dry matter basis for oat bran, oat bran ready to eat cereals and barley fractions (cereals with US-FDA and UK-Joint Health Claim initiative) approved for a label health claim for lowering cholesterol have been reported [24, 25] . Bile acid binding of 5% -14% in steamed or sautéed mustard greens, kale, collard greens, broccoli, cabbage and green bell pepper on dry matter basis is very encouraging. Data suggest that the green leafy vegetables tested have the potential to qualify for US and UK label health claims.
The bile acid binding value for steamed vegetables aseaten per 100 g were significantly different among vegetables tested. The highest bile acid binding values were sautéed kale (14%), steamed collard greens (9%), steamed or sautéed broccoli (6%), sautéed mustard greens, cabbage and green bell pepper (6%, 4% and 2% respectively).
In conclusion, relative to cholestyramine, the in vitro bile acid binding on a dry matter basis was 14% for sautéed mustard greens and kale; 9% for steamed or sautéed collard greens; and 9%, 6% and 5% for sautéed broccoli, cabbage and green bell pepper, respectively. These results point to the significant differences in health promoting potential of sautéed mustard greens = kale > collard greens = broccoli > cabbage > green bell pepper as indicated by their bile acid binding on DM basis. Sauté-ing should be the cooking method of choice for the mustard greens, kale, broccoli, cabbage and green bell pepper. In the case of collard greens, steaming should be preferred. In case lowering fat content in diet is advised, steam cooking all the vegetables tested would be desirable. The hypothesis was proved that sautéing further improved the bile acid binding of several vegetables over steam cooking. Atherosclerosis and cancer are leading public health and nutrition research problems that are preventable by appropriate diet and lifestyle modifications. These green/leafy vegetables, when consumed regularly after steam cooking or sautéing, would lower the risk of premature degenerative diseases, advance positive human nutrition outcomes and improve public health.
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